Replacing the Brazilian Atlantic Forest by pastures has caused a strong impact on this biome. Hence, to evaluate the forest recovery after removing disturbance is a key factor to conserve biodiversity. In this study we analyzed changes in forest structure in five abandoned pastures in southern Brazil, aiming to verify the direction and rate of structural and functional changes in the early succession. The abandoned pastures (by periods of 8, 14, 48, 50 and 96 months) were colonized mainly by trees, animal-dispersed and pioneer species. The data showed that the forest structure was quickly changed with an increase in tree abundance, stem volume and species richness. It indicates that in low fragmented landscapes, such as the northern littoral of Parana State, the resilience of the Atlantic Forest is relatively high and assisted regeneration may be an option to biodiversity conservation strategies.
The intensity of soil use for pasture may determine the time for the forest regeneration (Liebsch et al. 2008) . For instance, in strongly disturbed soils by pasture, the seed bank is affected (Gomez-Pompa & Vázquez-Yanes 1981) , seedling establishment and growth is altered (Uhl et al. 1988 ) and the succession process leads to an undesired forest structure (Pascarella et al. 2004) . Loosing resilience limits the ecosystem recovery, then demanding the use of restoration practices to rescue the structure and function of tropical landscapes (Aide et al. 1995 , Holl 1999 , Holl et al. 2000 , Miyawaki 2004 ).
Changes in forest structure, species composition, and plant functional groups follow a more or less defined pattern in tropical forests during the secondary succession (Guariguata & Ostertag 2001 , Chazdon 2002 . In general, the forest recovery is characterized by the increase in species richness, stem abundance and biomass, and a progressive increase in woody, zoochoric and non-pioneer species (Guariguata & Ostertag 2001) . The rate of plant community changes, nevertheless, may differ strongly among forests (Chazdon 2008 ) and the succession process in disturbed areas may be
Introduction
The conversion of forests to pastures has been a typical activity in tropical landscapes in the last decades , Holl et al. 2000 . Despite the fact that cattle raising can improve goods and gains for landowners during few years, the soil exhaustion, the decreasing in productivity and changes in regional economy frequently obligate the farmers to abandon this activity (Florentine and Westbrooke 2004) . Thus, abandoned pastures constitute a common situation in tropical lands where ecosystem structure and function are drastically changed and forest recovery is necessary to rescue the regional diversity (Cusack & Montagnini 2004 ).
The vegetation removal and the introduction of pastures give rise to a set of changes, including the soil chemical and physical exhaustion and the persistence of exotic grasses (Guggenberg & Zech 1999, Guariguata and Ostertag 2001) . In addition, the pasture management usually demands activities such as burning, soil plowing and tree sprouting limitation that strongly affect the Contrasting with the decreasing of shrubs, tree abundance, species richness and stem volume increased with time after the pasture abandonment (Figure 2 ). The rate of structural changes differed among life forms: changes in abundance, species richness and volume were higher in trees (respectively, b = 5.31, 0.53 and 0.16) than in shrubs (respectively, b = -3.21, -0.03 and -0.01).
Discussion
The forest recovery in newly abandoned pastures in southern Brazil was a relatively fast and efficient process, resulting in structurally defined young forests. The colonization by pioneer and animal-dispersed species quickly changed the less efficient to recover diversity. Thus, evaluating changes in forest structure in abandoned pastures is an important step to verify the resilience of these systems, helping to develop appropriate protocols for conservation of tropical forests.
The Atlantic Rain Forest, once found along the whole Brazilian littoral, was strongly reduced, being replaced by urban regions and farms (Ribeiro et al. 2009 ). In the southern Brazil, for example, large areas of forest were converted into pastures for buffaloes grazing and afterwards abandoned. In this study we aimed to quantify the resilience of the Atlantic Rain Forest by assessing the vegetation structure after 8, 14, 48, 50 and 96 months of pasture abandonment in this region. We verified if forest structure (i.e. species richness, individual abundance and stem volume) and species attributes (i.e. life forms, dispersal modes and successional groups) change proportionally with time since abandonment, therefore quantifying the resilience.
Material and Methods
The study was carried out at the Rio Cachoeira Reserve, situated in the municipality of Antonina (Parana State), southern coast of Brazil. The region (Guaraqueçaba protected area) is one of the most important fragments of Atlantic Forest in Brazilian littoral and it is characterized by large areas of secondary forests (~50% of the area), mature forests (~5%) and cattle raising farms (~45%) (Ferretti & Britez 2006) . We choose five plots where the buffaloes were removed and the pasture was abandoned by 8, 14, 48, 50 and 96 months before the experiment. In each plot we sampled trees and shrubs ≥ 1 m in height in 600 m 2 (24 quadrats of 5 × 5m). Details of sample design, species checklist and analysis are found in the Supplementary Material and in Cheung et al. (2009) . We calculated the species richness, total density, volume and functional group percentage for each plot. We performed linear regressions to determine the relationships between the time after the abandon and the ecological groups and vegetation structure. In each model, we used the angular coefficient (b) to compare the rate of structural changes in species differing in life forms, dispersal modes and successional group.
Results
In the five plots were sampled in total 2.234 individuals of 104 species. The abandoned areas were colonized mainly by trees (91% species), animal-dispersed (67%) and pioneer species (62%). The abundance, stem volume and species richness presented large variation among quadrants within a plot (variation coefficient from 35 to 460%; Table S1 , see http://www.abecol.org.br/natureza.html). It suggests that variations at small scales (for example in soil characteristics or distance from the seed source) are sufficient to cause differences in the forest regeneration. Despite it, the direction and rate of forest structure recovery were clearly determined during the succession. The percentage of trees, animal-dispersed species and non-pioneer species increased during the forest recovery (Figure 1 ), but the increasing species was higher than 75%, indicating the importance of large fragments -e.g., to serve as animal refuge -to forest recovery. Pioneer and animal dispersed species such as Miconia cinerascens var. robusta, Myrsine coriacea and Hyeronima alchorneoides are especially important in these areas (Cheung et al. 2009 ) because of their potential for attracting birds and increasing seedling establishment (R. Pamplona, pers. com.). Thus, the animal dispersal is an important factor accelerating the forest recovery in this region compared with highly fragmented Atlantic Rain Forest in Brazil (Tabarelli & Peres 2002) .
The succession in abandoned pastures was characterized by the increase in tree, animal-dispersed and non-pioneer species. Changes in functional groups are expected during forest regeneration (Liebsch et al. 2008) , but losses in key functional groups strongly mischaracterize forests in highly fragmented landscapes (Tabarelli et al. 1999) . We found that the rate of increasing of non-pioneer species is the double of that for trees and animal dispersed species. Such vegetation structure resulting in young forests dominated by trees and non-pioneer species from the neighbor forests, after few years of pasture abandonment. These findings point to the potential resilience of the Atlantic Forests in low fragmented landscapes.
The four years succession in the abandoned forests resulted in 94 tree species (total of five areas), about 28% of tree species that occur in secondary and mature forests in Rio Cachoeira reserve (M. Borgo, pers. com.). During the last decades the region was highly modified since the original forests were first replaced by pastures and then turned into secondary forests (this latter being an important font of seeds). In fact, seed limitation (Muller-Landau et al. 2002) is one of the most important factors affecting forest regeneration and succession (Holl 1999 , Holl et al. 2000 . Nevertheless, due to the small distance among secondary forest fragments, animal movement is not totally limited allowing seed arrival in abandoned pastures. Even in the youngest abandoned pasture (8 months), the percentage of animal-dispersed pastures (Uhl et al. 1988 , Aide et al. 1995 , Pinard et al. 2000 , Zimmerman et al. 2000 . Thus, despite fast forest recovery, specific environmental conditions may limit the succession and should be considered in restoration programs.
The capacity of forest recovery after removing the disturbance is the key factor to conserve the Atlantic Rain Forest in Brazil. The fast forest recovery, by assisted regeneration, in the relatively low fragmented northern littoral of Parana State suggests that resilience can be improved in areas next to secondary and mature forests. differences indicate that the newly abandoned pastures are initially colonized by tree and animal dispersed species that support the arrival of non-pioneer species. Thus, the facilitation of these species is an important aspect for the forest succession.
Structural changes in the young forests include the increase in tree abundance, species richness and volume and decrease of shrub-related vegetation parameters. This substitution of woody species during the succession is expected in tropical forests (Gómez-Pompa & Vázquez-Yanes 1981 , Guariguata & Ostertag 2001 . Shrub species are able to quickly colonize the newly abandoned pastures just after the cattle are removed from the area. These shrubs comprise short lived species, dispersed by animal or wind, promoting the first changes in shading and soil characteristics of the disturbed area (pers. obs.).
The recovery of forest structure during the succession in tropical forests is a variable process (Chazdon 2008) . Whereas the volume (biomass or basal area) increases approximately directly with the time (Veblen 1992) , stem abundance and species richness recovery may describe less predictable trajectories. Some studies in chronosequences showed an increase in stem abundance and species richness in the first decades of forest succession and decrease in old growth forests , Chinea 2002 ). In the Rio Cachoeira reserve the first years of succession showed an increasing abundance, species richness and stem volume. However, it is possible that the mortality of short-lived species alters forest structure in the next steps of the succession. In fact, Liebsch et al. (2007) found a lower abundance and species richness in old growth forests in the region.
The linear models on forests structural changes according to the time after abandonment showed a clear increase in tree abundance, species richness and stem volume. These results suggest that, at small scale (here only four years) the succession in abandoned pastures is dynamic and relatively fast in the region. However, despite strong evidences of the successional direction, there were differences among areas and no unique pattern was found in Rio Cachoeira reserve. The variation in abundance, species richness and stem volume among areas ( Figure 1 ) and within areas (34% < CV < 460%) suggests that several successional processes occur in the region, at the same time. Besides seed limitation, the conditions for seedling establishment vary among sites, because of the time of land use and soil degradation. The establishment limitation strongly affects the vegetation recover in tropical degraded areas (Aide et al. 1995 , Guggenberg & Zech 1999 . Thus, whereas seed arrival is a minor factor affecting forest recovery in Rio Cachoeira reserve, establishment limitation probably caused differences among areas. For example, the 50-months area was impoverished in species richness and tree abundance compared to the younger ones. Probably, problems in soil drainage (caused by the soils compaction) associated to the fast grass growth limited the seedling establishment (Cheung et al. 2009 ). Soil compaction and nutrient exhaustion is a known factor reducing regeneration in abandoned
